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-Mf/UTSy^x— /U) 7x-/M^y, N, N ' - 
x7x-;^ N, N' -i? (4-^b^r^7x-;U) - 
4, 4' -y7S/b'7x-;k N, N, N' f N* - 
7 x h^^x^/l/-4 , 4' -y'7Syy7x~;l/X-f 
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y7x-^7Syxf;Ky-fe>, N-7x-W;l/A 
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y] h':?x-;K 1. [N- < 1— 

-N-7x-;l/-7S7] t7^l/y N 4, 4' -b'X 

[n- (9-ryMJ^> -N-^x~;p-r^y] t 
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N-7x^-7^7] b'7x^;l/ (a 

[ft4] 



^y-fVU) - 
NPD) „ T 




[ft 5] 
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Ut6] 





6 




V\ -tlE, a-NPD, XtP-NPB, Xt'D-TA 
D&V2-TNA TAli/f? XW&s&tf 9 0"CULhT'* 

[0015] *»BJ<55^E L»^(Ci3V>T. 

****** 2«Stf5««<owtJi**»^*4*^, tmm 
W£mf8.-t&~jjcr>mmz. immmim<,zmig^-z>& 

[00 16] 

(2ffl£Lh> ^a^7HU. Oxio* 

Ci • cmULL, i?£L<{21 . Ox 1 0 5 Q • cmiiLt 

[0017] ^*<?DW«8E LS^«i, 0 1 iZ^-tX d 

tz. m-^^~-yh*mmi,zmttitzmmb^^x 

mSBtfrbVf- (e - ) s HfflHa^sfc-^ (h 
£s8.LWtth. ZtllzftLX, **« EL 

ami, H2tc^-rj:at, nMmj§<,zz:-oxtt:®t> 

[0018] *^B^co*tSE LSHHCfcWC, 
*Sr^-r*«Pi: LTii, ift£t)t#l . 0 x l o 2 £2 
• c mJilh, #? £ L< {± 1 . 0 x 1 0 6 ^ • c mJiLtT 

m»# 5 o %m±^«T'j) * z t im & l t >. ^st^ 



fi, i«iB<50J:3t^ &%&2Wk<m&<?ttmw.x\tm. 
vvxivti^jrvb^vx^Y-^frhtzhmffimii 

*>w&b ; 5 : Jii>i'T-*>m&i)K w&mmizzti 
z'txJtmxft b nmjrfa»>&mt hzbizx*)^ mem 
ffim&<7>mmizm-t&wt3-—>'/ i-^-^&a 
u w$f%i£M<?)mmmt<zm-t&?&63---y h^m?* 

[0019] mm?)* at, ^Hgcofg^ti3(t*«^f 
3S£*ti, (a) -c&sry— ^rswk^ftt, 
( b ) sr u -at s vtt&mb mmjcKmiz ->x 

H3(i, HalficD (a) j&frfc <t>) f&ftcommfo 

imiz&tf&m^mf*—)v<mm£^^wmx'$> 

£tz. ia4«. BUlfiO ( a ) fcftb ( b ) ^tfO^ 

eeepj miz atth m^Rts* -fr&fm&^'fwfflmx' 

[0020]$ ^fc, «t^»2r^-r-S. 2®B<7)€ 

<r)X'bhfi*gfr\i, wt&mtm^mz i. -> xmm&h 
z b -ffix% h . Mfomzii^ 2 mm<wt-&fawzti?ti 

WTii, }fcft8 0 0 — 2000 n mC0j£*?h^{C® 
loitli, ^8 0 0—2000 nm(7)3e*^^ 
^Saj^BJBtc^^flqfE ( i, L<J4B«) i; LT 

[oo2i]i5it r 'J — s yfaSVnx-h h2- 

TNATA, a-NPD, XtfD-TADS^tfO- 

X'coe&fRx^ h;p, St>'#T y 5 >te&bt 5 

mc/w-ssy j±bnmiiWk<nwvi^9h)vz5t<t. z 

comfrt>*nt>fr%bt5*) , ry-^rswb-^iHsatXB 

^^^'^A(i, mMT'«»*8 0 0-2 OOOnm 

eoifi^HifcSt;: t°- ^ $r * § & v T y —jut 5 v-ffc 
^ftfc BS-f^N'^^At^M-^IKJi, »S8 0 0—2 
0 0 0 n m<7)i£#^f.^(c^^ f - ? ^ L . « 



mmfaZMfS. LXl^&Zb £Vm-f& Z b tfX'% h . 
6(i, 2-TNATAt4F-TCNQc7)-fn-r^L#M 
MRt^lS-^-JlOtRJRX^ h/PS-^t, 07«i, a-N 



if 
m. 
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PDtRe 2 0, ( 7S-fk2P^->A) <7)iI-^^©JRX 
"ifhArtTFrt. 12 5 HI 7 (^Lfc#«^I8^iKJKX 

T, *3O^*«JRt-^^fiSSJ«|««8:0 0nm 
—2000 nmtf>ftSKii8!l$flTfc •) % #f&HJ!#£><7> 

Ltzmut . %% 2 mtmt & mmx^z\ ^x^&zttf 

[ 0 0 2 2 3 *JVS<cttVYC, rfBtx-v h j fctt. 

(f. (Hffi) /»3KJi/ (RA) , (»*)/*-;H& 
ityi/ffc3OT/ (HM) » (AC) /*->Mii2tJI/?& 
3flI/«^«ri*Jl/ (H®) . (Wfi) /*-/I^AJf 

^i-pTtt^^ixT, «ft ( 2MiLt) &&?Z>h<r>X' 

=mmm. m^xm^t'izm^^miz-o^xio. n 

[0023] ttTOtfRfc LTtis HftWfcH:tfc*HR 
m^t>tlhZ\bW&\,\ ftffcWfcUiL i m<F>T)Vii 

Mg, ca.m<r>T)viiv±M&m. Eumn^±m 
t>tfmthti. wmm t til t ouwkajr v 

-e>^?tt^*««^fflv^Sli^.(#^l 0-2 7 
0 17 1 ^fg. #g32 001-10217 5#&f8# 

9Mtt>tfMIT 1 1-23326 2-9^«aW*BB 2 0 

00-182774 mtmzm* Lti&ffizmm lx . 

K3l7cL3S&Jg. C&tffcT, Al. Zr. Ti> S i& 



h<no*>. m&mmtLx-mtz&<$imztix 
c o o 2 4 ] ^®i:«EWi: txn. m&mi 

%<.Mz.tf. I to (4 yiS*?J± ■ -rfBtf t;^ ) . I 
ZO (-fy^A • SIBIMkft) 5rt*^)3SHB»mW^^ 

[00253 $ *3 l ilS|t<*^#^*^®2 0 
0 1-14 2 6 7 2-tH/Jffl#£!eifeL3^i£&fflVvC I 

tJ:oTffd*&tt, W»fcHaMc«§IPPl 0-27 0 

1 7 i^mx'Bmztix^&&mv-v>?ztitt 
®m&&FW&j§izm^tLimi&<7) i to^> i zocox 

f->t, HTB. nSOPHESSriS^j: LX (*«llgt>« 

[0026] ^wm^mE ^i4^-&nm 

ftx-—y h&l. OX 1 0 2 Q • cmJM-h. *F^L<(i 
1. 0X105Q - c mVA±.<nim%iZ^-thm%3&k 

mizx-oxtizWhtix^tite. mw&mwttmeyfm., 
h LKiizti^mmiz&^&mzmjsn&s&mz^ 
x nmkmco^m e l m^Fx-iz < mm ztixztii&m 
m&mm^&x-bh . 

[00273 ff tV^^«itSr*t-^^Hj^*«E L 
StTO, »:^-CtefeOfl-SlEL^i:(i^:#<P^r4 

rjwwuircsBgSiftsjfrp (») /mzn-th . ^ 
(ft) /^^itj •c»«*^as*<?)±Kfi» a»±, i 

( = 10 0%) X'b^tzffi. *^BBcJ;-S»#«EL3g^ 

^4^-;u ( h+ ) aA(i*a^^«*«^ ( t L 
<(iHOMO. . . ftttttAttSB) *^^€^co§l^fe 

*)ito-rt:#>izmmzti&frt>Tt>&. vt^x. 

£MI,zX-oXti:®t>titc&$g/t3L- y hcomTftom (i 

(ft) /^i:. #IBfeJt---y hfrkm&Ztl&ltfr 
(ft) /#<7)Jtt«aSa4) <0«*tt«, *^a^^m 
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[0 0 2 8] %>-h*>A,. *&w<r>wm Lsmi. 

JsWil. Oxi o^^ • cmJJLh. *?4L<lil. 0 

&ELSW«fc (nffl) . fiJOWBRSiut^xori: 

R$*l**{a»T* (Vn) cnma (V = V1+V2 + 
+Vn) TJbiiktt, m3*Tfc$rV^ ftoT. 

TTN3ffi«ffiraMi % ?B^-~-y VOM ( n ) 

[0029] *il(Ct,ft|;fo6-$\ *^HJc0*ilE L*^ 
(i, «*<0*«EL^fcJt^LT^<o^<?)ffi{5^^ 

ft*S<o#«|EL3PB^»,Kti, 

JgfBfti. *^bjo*«e 

[0030] *fc . ^SHHDftRE L*^Ptffit US 
t^zr>ixXW-<^:h. *#:W«±, W^flitc&a *iT 

( J: 0 SSRtaWrtf 2 000A(200nm) VXYX'h 

r>tz ) , IBK)»E#2 5 VJETFC*4£ i: £^Tjet L 

sBko dak#ff, !|#WBg5 9- 1 94 3 9 3-^&$8. 
!»^K6 3-264 6 9 2^$g, ^^2-1 5 59 
5^^g s ftGHfftJIU. 5 3 9, 5 0 7-f-Bfliffl^ |i) 
Ig4. 7 6 9. 2 9 2#^Bi«Hi, HS&4 , 88 5, 2 1 



mmjjmmm (w/w> offiT£&</ittT-&-?it 

h k5tmimi± (turn o 
n Vo 1 t age ) mi>B&nmt%<0 . MiXmWM 

$&*) in&nfg zco$r&mmmizitmj}$z 

[0031]^>t, &3kL-«y 
- y h L*^L^rV^«E LS-?t'(±. K^J---y h 

*ffi$L~t&'!m*i l zft&t& \zy-fc—)vm<rmmxwm. 

[0032] -e<ofBtc. *Mv h U ^^.«jtco 

iSfUTH *J6fflMfc Ljfc*£«u «SE^ScOM 

SME L*^F<7)%^^Jt^T^:# < <g^-C# I. z t i 
Zcr>£X'i>. *Ii«tlE Lm^FffimiiG 
WX't>&. Wm=?Uft$:W;A,X*\^W9M®<n 

mms^^com^zit^x^z ut. mm&sKK. 

*MML ( 5 Vfl 0 0 0 c d/mJ^I^f,^?, 

S^t, 5 0VT'l 0 00 c d/m 2 cr>mmznt>ti& 

m^ZUMLX. WM&^z^-oX 1 V com®.f£Ttf± 

tfzmr&e>m&&TLzRii'-t&w£migi-tz> mfx--wt 
>^ i *imx$>& z t zim-tz . 

[0033] 4fc N |SI«{c^:B«&^-^^&«^ 

ELS^CtJV^TJi. «|g«P. tCITOfCftS? 
tLSSBJ^^coitffifit (-1 0-*fi ■ cm) « s ^ 
M^Jtffitn: (~1 0-« £i • cm) (CJt^.T21ffSS^V-> 

izm&wm (v) (t L<«i«j*E (v/cm) ) a% 



«1 
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tarn. ta$kmizi%&}-ttmm<nftxz'&2> z t 

[ 0 0 3 4 ] ifc, *«Wfc:*J»t*«««4«<0JtJiait 
{51. Ox 1 0 2 Q • cmJiLL, #£L<lil . 0X1 
O 5 Q • c miiLkbMMmiz I TO&fc'<7)£||;l4*m 
(~ 1 0-«fi • cm) iOttiSAH^ftV^^OtOSr 

[00 351 18(1 *mi<n-mmm?*>&3itikE 

*ffi2 . f&fcx" 7h3-l, «f?£±Jf 4 - 1 . 

i-.y h3-2, mM%^m 4-2 m^f 

»£Ji4- (n- 1 ) , ^J--^h3-nt^0iI§ 
®2. ^JL--/h (3-n) (^'Ln=K 2. 3 

) . mh 5 imsanmsKrctt o , Jtsst** i . 

oxio^'c mvxtnwsm&m&cowffiz&km 

(4-n,fc!t'Ln=l 1 2. 3 ) (C±o-Ctt-W£> 

(3-n. ^'Ln=l x 2. 3- 

[00 36] GME Lffli, 

vvbfi-CV^S. *^0Jco*«E LS^ctJtt 
*ttff*fc±Ji4-nli«S-cii$:v>3&*, Hffi«li:frr&]fc 

[0037] Mill #€^f51fe«4 - nft>&m«S3r 
fflfc^P SEA*-*-*IRtett, mmw- 10-270171 
■9&*K»«8I!2 001-10217 5^fglC^$n 

*iysiSUJLfc.<0#M*»(?>=5:&^)*<»iLv\ JJE 



^fl^tctttT o . i ~ i o xhh<7>t>mt. l^. 

V^H^hS < . 1 0fg£j@;c. § . F-^-y 
[ 0 0 3 8 ] ■ 4fc , -v h (i. mM%&m<7M& 



#5nm&T\ *ftt<{40. 2~5 nmOJl*^^:^ 
S^SEA« * T h J: ^ . i WBmtfi 5 

nm^giSt, LT L t O t |B]B# 

[0039] #m^f^t*4 - n 

®*r&]{C*^aA-r^^(Cii. #51^1 1-23326 
2#^«K>WBB2 000-18277 4^&m (>r*«* 
ffl«Fl f F^6 3 9 6 2 0 9^M» ) (ttKHft* : J . E 
n d o , T. Matsumoto, and J. Kid 
o, Jpn. J. Appl. Phys. Vol. 41 
(2002) pp. L800-L803H:: (*^BJ# 

kizx-yx ) mtjkzixx^&nT&.Amz . "smwkm 

%i±M&m-< *>£-$tsik&m±.<,zT)\s$i 
S7t&&&£MM lx m&mj * yz&mvmizMji l 

^rfc, znmz&m2it&mm7t&mi*mt&®}* 
(^mj^yzmTutimz&^mfcztix, 1. o 
x i o 2 q • c mVA±<r,its&m^-t^mmit-^mz 
^r-i.. (-cT'sa '*Htco' timfamzttionm 
ELTnmmzmmL. imM7t-&mv>mmtf 1 o nm£ 

Si. •& i: BBBcRJEfc L^rV >4tmKr&P«tF 1>X 
(m%tfi)) $m&£&ot£frVfrWW&£Xi>i)Vkhti 
XLto. ) 

[0040] &KMltf±Micr) r -e^RjS^fiS^ j t 

&mztix\,i&T>uxv&m'<*>, Tn>*fV±m&m 
m. (#ra¥ 11-23326 2^&m*mmy-2 0 0 0 



«L2) )03-272860 <P2003-JJ1« 



- 1 8 2 7 7 4^fg> izmm$ixx^z>im&mt§# 

fc&toimiztmit&foVt) ->X t J: < . AftWfclir 

C004 1] £/i>^ ±IS<7)#iHP 1 0 - 2 7 0 1 7 1 
^•^^^2 001-10217 5#£3g N ^fgB^p j 
1 -2 3 3 2 6 2^fg^WBH2 0 0 0- 1 8 2 7 74 

(nm^m^¥fm6 39620 9 ^mmm ) on 
*wt ) 4-r 10-270171 ^■&m j mm2 

001-10217 5cr>&m K — h" >" ?M £• ffiWJ&I^X" 
(ffiffiSi«-?^iIi:LT) «®tT. »:#'fc#P»g^l 
l-2 33262^$mfg32000-1827 74 

V*. M&S^rcoiE-^&A (fliM) 

2002-27365 e^HJ^-p^fgL-^^ 
Wssft£M (c?)»ffiH!|) (c^-r^c7)<i r^<7) 

[004 2] 4fc09itf. #lHM64-nKi« 
1-2 5 1067fi^#i2001-244079 

£ft) «£»j£L.T. *->U&AmtLXh^\ ZO 
Kffte3 0nmjrFfct^coa*$?£L<. 0. 5 

0 n m 

zmtzk, ^m&mm^-Lx Ltd tisimz, k 

izfr&i-z>ztx\ m^z^&mz-th z t i>ftt>tix 
^s<ot> #4L<&n. 

[0043] mfr&mm&ns om xmimm) t l 

2&. 3*<fc»2*. Jg-fbr;P5-^A, m-fkr^s- 



^no^yy) v tnf (hU^bu^M-u-y 

>-) . TCNQ (xh5i^ryjfy^^>) s 4F- 
TCNQ (f H^^yl'tD-fh^yTydf Ji?*? 

>) ^^mt^^^m-t^zb^x^h. 

AJf+O^fti^fcm^g^ttft-^ ( V-^>h1t 

-3ft) <o*/Uifc^<2. *MMb^ftlc*fUT0. 01-1 
0^HT'S>4O*i»4 U\ K-/n->- hi7)it^*>'0 . 
0 1 *.ffiX'$>Z> b K-y\*y h tzj: 0WfcS*ifc4HF (fit 

[0 044] tttt%jMte$j^4ttft<0{t*H 

. 5 e vjy±T**uf » soaa^^tt-ft-^j 
izjtj LxK-frmxsiffi&tfr&tf&z „ ifciKfc, ate 

[0045] *^fcfflV^5Btj.- >y h^fc^-c. m 

AS * * <0 4 4 JKlKOffl-t * i fc & s . 
[0046] *5M*0ift|BE L^^cO^cJK^rad, t*5R 

m^h<nx\ mte<mmztix^&tm3;m?mw. 
vityn** tzmwfrfr k> -r ? . 4 ^« «^#is«« 

®®2 0 0 1-1 5 3 3 6 7#W«#KtJ^TJ)BK Lfe 

-f >9-f yzmmmmszim-rzz t izx ^mm 

^'•9100 %lz)&rHf& z b h . 
[0 04 7^] *»tlELif^a^W 

^mmmm^Mt-rtitzm^m^m^n^ zb& 



t 
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&-fenmx¥<?>®m^*>v*-x'imm±.£.v7 viz 
^.mz^oimzw^^ti^h Lft 

*tfa?-yy N^XVN'-y ;p*£g (*#H2 0 0 1-14 2 
^**^£-?-tOTB<^gfx y TSrjSifc Lft#Src**> 

mmfcnmm.w-mnTWztiL&zitx . mmmmfc.^ 

:fri££J:oTJ^-tl>.rk#*T-#& («pMI2 00 1-1 
533 67-WMMMBH) . 

[0049] 4ft , *^co^E LfPHHi, fi!*<7)* 
l&ELSI^kiifl&O, 3Bt&g*< kf/k mzftM LX 

m$i?f&Lx\->$><?)t><±z%:mmx'$>&frt>. *fbtti 

g*> 3t£trtMi 4 TTO^ffltWa^T 1 / 4 jft&Ott 

(AX (2n-l)/4, ftft'U n=l, 2, 
3 ) T*4tffc*fc^*s<a»^3p*»*£i:j&* 

aj# h . tm<onm e l m^mk-at . ( *-<o ) % 
m.%.ztix^&zttf$><. *ftJ2itfc3r«it*BE<j& 

K LT 4, . HB»mEcO±#£ ffi< ft't1"C'#> -5 ft . 
[00 50] U>>U *^hj^a,(± n hu tKc^WM 2 0 0 
1-1 0 2 1 7 5#&«iC*JVvt. 

<50^-^^S:^fl]^ajR-rti(f. J«/¥£ 1 jumSKlc 
&XB< LX&mmW&tfl.ftL^Zk*?. 

ft. UttfMcte, W&TmJBetf&mM-W l /4 

<Wf (A X (2n-l ) /4, ftft'U n=l, 

2. 3 ) lcf§£$ixTvvtniSc#:*:£<:5r&i:. 

< & o . wzm/e^mmtf 1 /4 $*£o«HS»f8 < a x 

(2n)/4, ftft'U n-1, 2, 3 ) 

ftTWt, n|S:#:*:£<3:.g,k, 7co^3ttr-^i4go 



E L^^Oi 9 fc, Jgmk LX n&rfizZ < T, $&t& 

t>%%MmM& x-comm immzmm-ri z k 
x-foh. 

[0051] ttzmz, zcoj:?%Mfri^m®%Mm 
mmk^dmmcDwmzwm- &wtfitim&. > 4ftit 

VBMWM&i^ t T V -vix{f J; v "> . 4ft, k'%4.*—^* 

cr>w&tfmwwmk%&) wmmzi,±mxfFimmzm 

[0052] 4ft, TESatMfc:* LftJ: d fc, #SPJ! 

fe2:*LTv^-c, mmwizmmnm&z&t&nzti&z 

k i>mkcr> — oTfohfrb , ^l§-£-t>£-?S5fc3.- y h 
[00 5 3] 

mm-t&w. *?mizzti< l z£r ) m%.ztihi><vx'i l 3.%: 

B*t*-f v^«X3SfS««*«fflLft. 

tW, ^c^iiiiJ^Sr^ffltft^^-^-CRTM- 
80 0 0 (ULVAC (B^tffifttBtt)«) 
ft. 4ft, ^Jl^llSISIffOSilSfcJi, f^3-;i, 
(Te n c o r ) «h®P 1 Ofttft^SHtf^fflV^ft. m 
^<7)!Rf14iF«c;{i, ^-Xl/- ( KE ITHLEY) 
V-^-^240 0, hrrj>BM-8S$Jg|t^ffiffl 
Lft. TOSr^ffi, A 1 SrKSfek LT, fiffifl: 

ESr 0 . 2 V/2»<0W^-CX5 S - -yT«^EpjDLT , « 

aji#i»«<o«aatf«ai[fi*«seLft. 4ft, el 
v/i^f-f-v v^ur^- 9 -i if- * mm tximmm l 

ffl^Lft. 

[oo54]»*fiaji {9&&>ttELm=?0>ttmm- 
m&mm=?-<r)m) E39t^LftWiaBt^«^-*«* 

<7)^ELmi 1 S:T!e«OJ:dtctT#8?Uft. 

/□co I TO (-f y^'^i.. • -mWHlL M^tt^x 

<>7mm&) ^^^-Mc^-h strops ca 
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1 0(0 (a) #88) . *</>±fc s »Wil7X 
?40 CHlOco(b) 3 £:frLT*-/Mi«Mtt£3rt 
£a-NPD£l 0-e tor r TT2 A/#^#aK 

mz. m^-^m^m<D±iz^ %.%m7tLxT 

Kit : 
[it 7] 




* (JJTF. A 1 q ) i&fefBf: 

9bl£fe*T*4 ^ V U >mmi* Ci8fA« : C 5 4 5 T 
(KODAKS) 3 Sr. ;«f3Kfe^liI%<7)i 
Kt^Si3l:#^ <^U»iSK* MS LT 4 0 0 AcDff 
SfcfiflRUfc. milS%3fcil7<7)±(c N (c 
s ) tfv-vyrzivM&t&Kmat LX. Titt : 

[ft8] 




H3C 



T-^$#l^^'y^To^>-t^:JgH;^A (Cs) 
;HtT*l : 1 i&6±dfc#*c^tjlJK£t)fSLT2 

4 1 CHI 0c9 (c) #tfg;i fctf-LT 

a i i o a/#t iooo ad«3 izmm I 
zniMizji-yzitimmt* mo. 2cm. m 

0. 2 cm^DiE^-^Kt^S CHI Off) (d) . 

T-&&A 1 fcOHfc:, B8Wff*EBtaLTs (A 
1 q : C 5 4 5 TOMff ) J^40|»&%%?)ggfttt 

fcitteU:. 02 1. H2 22lVBl2 3 4»(!OOro.yh 

znm? mmmi > <7>»s (cd/ m 

2 ) -«E(V)#ft, (mA/cmi) 
(V) tS»(cd/A) (mA/ 

cm*) *7fi-t77yx'h&. *jfc, :«ff?oS)l!H 
86SE«i2. 2VT&0*:. 

[0055] «2f!0lJ2 (^*c?)W«|E Lfg^cOftlSfflJ- 

*£0#tgE L^JrS^M 1 k mmzTaiOX o iz LX 
fWLfc. #5*»J£1±(;:«. raffi®WSffi2t L 

■c, ^-Mgst2 0£vo7)iTo (>f -rr 

a-HSflTH* CHI Oct) (a) . -eojt^ 



|v.x?4 0 CHI Oct) (b) 3 fc^X 
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